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1 . A liqmd crystal alignment film, which is a film wherein a silane-based 
sxirfectant having a linear carbon chain and Si is chemically adsorbed via an 

5 energy beam sensitive resin film for generating functional groups containing 

active hydrogen by energy beam irradiation formed on a predetermined sxurfeice of 
a substrate, where the linear carbon chains are aligned in a spedfic direction. 

2. The liquid crystal alignment film according to daim 1, wherein the film formed 
of the sur&ctant is £b%d to the energy beam sensitive resin film via oovalent bonds 

10 on the surfeceofthe substrate in a striped pattern. 

3. The Hquid crystal al^nment film according to daim 2, wherein the fixed film 
formed of the surfoctant is fixed to the enei^ beam sensitive resin film via a film 
having siloxane bonds. 

4. The liquid crystal alignment film according to any one of claims 1 to 3, wherein 
15 the silane-based surfectant is a chlorosilane-based sur&ctant containing a linear 

hydrocarbon group and a chlorosilyl group. 

5. The liqmd crystal alignment film according to daim 4, wherein a part of 
hydrogen of the linear hydrocarbon group of the chlorosilane-based surfectant is 
substituted with at least a fluorine atom. 

20 6. TheHqmdcrystalaligmnentfiImaccordingtodaim4or 5, wherein a plurality 
of types of chlorosilane-based surfectants, each having a different molectdar length, 
are mixed and used as the chlorosilane-based surfo.ctant containing a linear 
hydrocarbon group and a chlorosilyl group, 

7. A liquid crystal alignment film , which is a monomolecular film formed on a 
25 sxirfe.ce of a substrate provided with desired electrodes, wherein the molecules 

constituting the fi^m have a desired tilt and are bonded and fixed to the surfece of 
the substrate at one end while being aligned uniformly in a specific direction. 

8. The liquid crystal alignment fil m according to claim 7, wherein the desired tilt 
of the molecules is defined by fixing the molecules constituting the film to the 

30 substrate by covalent bonds, washing the molecules with an organic solvent, and 
tilting the substrate in a desired direction so as to drain off the solvent. 

9. The liquid crystal aligimaent film according to daim 7 or 8, wherein the 
molecules constituting the film contain carbon chains or siloxane bond chains. 

10. The liquid crystal alignment film according to claim 9, wherein a carbon of a 
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part of the carbon chain has an optical activity. 

11. The liquid crystal alignment film accx>rding to any one of claims 7 to 10, 
wherein the molecules constituting the film have Si at both ends. 

12. The liquid crystal al^nment film according to any one of claims 7 to 11, 
wherein the molecules constituting the film are formed by mixing a plurality of 
types of chemisorption molecules having diEferent molecular lengths, and the fixed 
film has concavities and convexities on a molecular lei^h level 

13. A liqxiid crystal al^mnent film , which is a monomolecular film formed on a 
surfeice of a substrate provided with desired electrodes, wherein the molecules 
constitutiag the film have carbon chains or siloxane bond chains, and at least a 
part of the carbon chain or the siloxane bond chain contains at least a functional 
group for controUir^ a surfeice enei^ of the film. 

14. The liquid crystal alignment film according to claim 13, wherein a pliuality of 
types of silane-based surfactants, each having a different critical surfece energy, 
are mixed and used as the molecvdes constituting the film, and the fixed film is 
controlled so as to have a desired critical STorfeice energy. 

15. The Hquid crystal alignment fihn according to claim 13 or 14, wherein the 
functional group for controlling the smr&ce energy is at least one organic group 
selected firom the group consisting of a carbon trifluoride group (- CFg), a methyl 
group (- CH3), a vinyl group (- CH = CH^, an aHyl group (- CH = CH- ), an 
acetylene group (triple bonds of carbon - carbon), a phenyl group (- CgHs), an aryl 
group (- C6H4 -) , a halogen atom, an alkoxy group (- OR; R represents an alkyl 
group), a cyano group (- CM), an amino group (- NH2), a hydroxyl group (- OH), a 
carbonyl group ( = CO), an ester group (- COO -) and a caxhossyl group (- COOH). 

16. The liqtdd aystal aligrmient film according to any one of daims 13 to 15, 
wherein the molecules constituting the fihn contain Si at the terminals. 

17. The liqmd crystal al^nment film according to any one of daims 13 to 16, 
wherein the critical surfe.ce energy of the fihn is controlled to be a desired value 
between 15 mN/m to 56 mN/m. 

18. A hquid crystal alignment film, wherein a resin film transparent in visible 
hght range and having energy beam sensitive groups and thermoreactive groups 
is formed directly on electrodes or indirectly via an arbitrary thin fihn, and at least 
the energy beam sensitive groups are reacted and crosslinlced. 

19. The hquid crystal ahgnment film according to daim 18, wherein the energy 
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beam sensitive groups and the tiiermoreactive groups are introduced as side chain 
groups in the resin film. 

20 The Kquid crystal alignment film accordii^ to daim 18, wherein the energy 
beam sensitive groups, the thermoreactive groups and hydrocarbon groups are 
introduced as side chain groups in the resin fihn. 

21. The liqmd crystal alignment film according to claim 18, wherein the surfeoe 
of the resin film has striped concavities and convexities. 

22. The hquid crystal ahgnment film according to any one of c la i m 18 to 21, 
wherein the thermoreactive groups are reacted and crosslinked. 

23. The hquid crystal aligmnent iGlm according to daim 18, wherein a substance 
represented by (formula 1) is used as the resdn film. 

(formula 1) p^^^ ^ 

o { 

l-o 

in tGMA) 
Sh 

6 

24. Amethod for produdng a hquid crystal ahgnment fihn comprising the steps 
of applying and formii^ an energy beam sensitive resin film for generating 
functional groups containing active hydrogen by energy beams directly or 
indirectly via an arbitrary thin film on a predetermined surfece of a substrate 
provided with electrodes, irradiatii^ the siurfece of the resin film with eneigy 
beams in an arbitrary pattern, contacting the irradiated resin fihn with a 
chemisorption solution containing a silane-based surfectant having hnear carbon 
chains and Si groups, washing the substrate with a solvent incapable of dissolving 
the resin film , thereby forming one layer of a monomolecular film formed of the 
surfactant selectively in the irradiated portion, and ahgning and fixing the hnear 
carbon chains in the sxirfectant molecxdes. 

25. The method for producing a hquid crystal ahgnment fihn according to daim 
24, wherein the energy beams are at least one hght selected firom the group 
consisting of electron beams, X rays or hght with a wavelength of 
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100 nm to 1 ju m. 

26. The method for produdng a liquid crystal alignment film according to daim 
25, wherein the chemisorption solution contains at least a chlorosilane-based 
surfeictant comprising a linear carbon chain and a chlorosilyl group and a solvent 
that causes no damage to the energy beam sensitive resin film. 

27. The method for producing a liquid crystal alignment film according to daim 
25 or 26, wherein the enei^ beams are at least one l^t selected firom the group 
consisting of ultraviolet rays, visible rays and infirared rays, and the energy beam 
sensitive resui filrn is a photosensitive resin film. 

28. The method for producing a liquid crystal alignment film according to daim 
27, wherein the photosensitive resin film is a polymer film or a monomer film 
containing at least one organic grovqp selected fixjm the group consisting of a groxq) 
represented by (formula 2), a group represented by (formula 3) and a group 
represented by (formxda 4). 

(formula 2) 

O 

11^ II 

-c-c- 



(formula 3) 

O 

II I 
-C-0-N=C 

I 

(formula 4) HO 
i II 

-SO. -O-C-C-CH3 
^ 1 

CH3 

29. The method for producing a liquid crystal alignment film according to any 
one of claims 24 to 28, wherein a solvent induding a carbon fluoride group is used 
as a nonaqueous solvent. 

30. A method for producing a monomolecular liquid crystal al^nment film 
comprising the steps of contacting a substrate provided with electrodes with a 
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chemisorption solution so as to caiise a chemical reaction between molecules of a 
surfectant in the adsorption solution and a surfeice of the substrate, thereby- 
bonding and fixing the sxirfectant molecules to the surfe.ce of the substrate at one 
end, washing the substrate with an organic solvent, and tilting the substrate in a 
5 desired direction so as to drain off the solvent, thereby aligning the fixed molecules 
in the direction in which the solvent was drained offl 

31. The method for prodxicu^ a monomolecular liquid crystal alignment film 
according to claim 30 further comprising the step of ejcposing the substrate to light 
polarized in a desired direction via a polarizing plate after the step of aligning the 

10 molecules, so as to align the orientations of the surfectant molecules imiformly in a 
specific direction at a desired tilt 

32. The method for producing a monomolecular liquid crystal alignment film 
according to claim 30 or 31, wherein a silane-based surfectant cont ainin g linear 
hydrocarbon groTq)s or sUoxane bond chains and chlorosilyl groups, alkoxysilyl 

15 groups or iso<yanate silyl groups is used as the surfactant. 

33. The method for producing a monomolecular hquid crystal ahgnment film 
according to claim 32, wherein a plurality of types of silane-based surfectants, each 
having a different molecular length, are mixed and used as the silane-based 
surfeictant containing linear hydrocarbon groups or siloxane bond chains and 

20 chlorosilyl groups, alkoxysilyl groups or isocyanate silyl groups. 

34. The method for producing a monomolecular liquid crystal ali gnm ent fil m 
according to daim 32 or 33, wherein a carbon of a part of the hydrocarbon group 
has an optical activity. 

35. The method for producing a monomolecular Hquid crystal alignment film 
25 according to any one of claims 32 to 34, wherein the hydrocarbon group or the 

siloxane bond chain contains a halogen atom or a methyl group (-CH3), a phenyl 
group (-CgHg), a cyano group (-CN), a hydrojQ^l group ( -OH), a carbojg^l group (- 
COOH), an amino group (-NHg). a carbon trifluoride group (-CF3) at the 
terminal. 

30 36. The method for producing a monomoleciilar Hquid crystal ahgnment film 
according to daim 31, wherein Hght that is used for exposure is Hght having at 
least one wavelength selected firom the group consisting of 436 nm, 405 nm, 365 
nm, 254 nm and 248 nm. 

37. The method for producing a monomolecular Hquid crystal alignment film 
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accx)rding to any one of daims 32 to 36, wbeiein a silane-based sur&ctant 
containing linear hydrocarbon groups or siloxane bond chains and chlorosilyl 
groups or isocyanate silyl groups is used as the surfectant, and a nonaqueous 
organic solvent containii^ no water is used as the washing organic solvent. 
5 38. The method for producing a monomolecular Hquid crystal alignment film 
according to daim 37, wherein a solvent containing an alkyl group, a carbon 
fluoride group or a carbon chloride group or a siloxane group is used as the 
nonaqueous organic solvent. 

39. The method for producing a monomolecular hquid crystal alignment film 
10 according to any one of claims 30 to 38, wherein a film containing a large nimiber 

of SiO groups is formed before the step of fixing the surfectant molecules at one 
end, and then a monomolecular film is formed via this film. 

40. Amethod for producing a monomolecular hquid aystal a%nment film 
comprising the steps of contacting a substrate provided with electrodes with a 

15 chemisorption solution produced by using a silane-based surfectant containing 
carbon chains or siloxane bond chains, at least a part of the carbon chain or the 
siloxane bond chain containing at least one functional group for controlling a 
surface energy of a formed film, thereby causing a chemical reaction between the 
sxirfectant molecules in the adsorption solution and the sttrfece of the substrate so 

20 as to bond and fix the surfactant molecvdes to the surfece of the stibstrate at one 
end. 

41. The method for producing a monomolecular Hquid crystal ahgnment film 
according to claim 40, wherein a silane-based surfectant contai n i n g linear carbon 
chains or siloxane bond chains and chlorosilyl groups, alkoxysilyl groups or 

25 isocyanate silyl groups is used as the surfectant. 

42. The method for producing a monomoleciilar hquid crystal alignment film 
according to daim 40 or 41, wherein a plurahty of types of silicon-based 
surfectants having different critical surface ener^es are mixed and used as the 
surfactant. 

30 43. The method for producing a monomolecular hquid crystal ahgiunent film 
according to any one of claim 40 or 42, wherein a terminal or a part of the carbon 
chain or the siloxane bond chain comprises at least one organic group selected 
fi:om the group consisting of a carbon trifluoride group (- CF3), a methyl group (- 
CH3), a vioyl group (- CH = CH^, an allyl group (- CH = CH-), an acetylene group 
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(triple bonds of carbon - carbon), a phenyl group (- C^H^, an aryl group (- C6H4 - ), 
a halogen atom, an alkoxy group (- 01^* R represents an alkyl group), a cyano 
groiq) (- CN), an amino group (- NEQ, a hydroxyl group (- OH), a carbonyl group 
( = CO), an ester group (- COO -) and a carbojsyl group (- COOH), 
5 44. The method for producing a monomolecular liqmd crystal aHgnment film 
according to any one of claim 40 or 43, further comprisu^ the steps of washing the 
substrate with an oi^anic solvent after the step of bonding and fixir^ the 
surfectant molecules to the surfeoe of the substrate at one end, and tilting the 
substrate in a desired direction so as to drain off the solvent, thereby aligning the 
10 fixed molecules in the direction in which the solvent was drained ofiE. 

N 45. The method for producing a monomolecular liquid crystal alignment film 

accordii^ to claim 44 further comprisii^ the step of escposing the substrate to light 

1.^ through a polariang film after the step of aligning the molecules, so as to realign 

the molecules in a desired direction. 

L j 15 46. The method for producing a monomolecular Hquid crystal alignment film 
according to claim 44 to 45, wherein a silane-based surfectant containing linear 

L i: carbon chains or siloxane bond chains and chlorosilyl groups or isocyanate silane 

[ J groups is used as the surfactant, and a nonaqueovis organic solvent contai n ing no 

1 1 water is used as the washing organic solvent. 

p 20 47. The method for producing a monomolecular liquid crystal alignment film 
according to daim 46, wherein a solvent containing an alkyl group, a carbon 
fluoride group or a carbon chloride group or a siloxane group is used as the 
nonaqueous organic solvent. 

48. The method for producing a monomolecular liquid crystal alignment film 
25 according to any one of claims 40 to 47, further comprising the step of formir^ a 

film containing a large number of SiO groups before the step of fixing the 
surfeictant molecules at one end, and then forming a monomolecular film via this 
film. 

49. A method for producing a hquid crystal ahgnment film comprising the steps 
30 of applying and forming a resin film transparent in a visible hght range and 

having energy beam sensitive groups and thermoreactive groups on a 
predetermined surfeice of a substrate provided with electrodes directly or indirectly 
via an arbitrary thin film, and at least irradiatii^ the resin film with energy 
beams through an arbitrary mask so as to react and crosslink the energy beam 
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sensitive groups. 

50. The method for producmg a liquid crystal alignment film according to daim 
49, wherein the step of reacting and crosslinking the thermoreactive groups by 
heating is added before or afber the step of reacting and crosslinking the energy 

5 beam sensitive groups. 

51. The method for producing a liquid crystal alignment fihn according to daim 
49 or 50, wherein the energy beam sensitive groups are photosensitive groups, and 
the resin film is irradiated with ultraviolet rays throiigh a mask so that the 
photosensitive groups in the resin film react not only to crossHnk between 

10 prindpal chains but also to align and fix side chain groups. 

52. The method for producing a liquid crystal alignment fihn according to any 
one of claims 49 to 51, wherein a polarizing film or a diffraction grating is used as 
the mask for essposure. 

53. The method for producing a hquid crystal ahgnment fihn according to any 
15 one of claims 49 to 52, wherein in the step of exposure, the resin fihn is exposed to 

hght to an extent that concavities and convexities are generated on the surfece 
thereof 

54. Aliqmd crystal display apparatus comprishig a pair of substrates, electrodes 
and ahgnment films, the eledrodes being formed on the surfeces of the substrates, 

20 the ahgnment film s bemg formed thereon, hquid crystal being interposed between 
the coimter electrodes on the two substrates via the alignment films, 

wherein at least one ahgnment fihn is a fihn in which a sflane-based 
svirfeictant having a hnear carbon chaia is chemically adsorbed via an energy 
beam sensitive fihn for generating a functional group containing active hydrogen 

25 by irradiation of energy beams, and the hnear carbon chains are ahgned in a 
^ecific direction. 

55. A hquid crystal display apparatus, wherem a fihn is formed as an ahgnment 
film for hquid crystal dkectiy on a surfece provided with electarodes on at least one 
substrate of two substrates provided with coxmter electrodes or indirectly via 

30 another film, the fihn being a monomolecular film formed of a silane-based 
smrfeictant having hnear carbon chains or siloxane bond chains, molecules 
constituting the film having a desired tilt and being bonded and fixed to the 
surfeice of the substrate at one end while being ahgned uniformly in a specific 
direction, hquid crystal being interposed between the counter electrodes on the two 
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substrates via the alignment film. 

56. The liqxiid crystal display apparatus according to daim 55, wherein said film 
is formed on each of the sxirfeces of the two substrates provided with the coimter 
electrodes as the alignment film . 

57. The hquid crystal display apparatus according to daim 55 or 56, wherein the 
film on the svirfece of the substrate comprises a plurality of patterned sections 
each having a different alignment direction. 

58. The hquid crystal display apparatus according to claim 55, wherein the 
coimter electrodes are formed on a surfece of one substrate. 

59. A hquid crystal display apparatus, wherein a film is formed as an ahgnment 
film for liquid crystal directly on a svirface provided with electrodes of at least one 
substrate of two substrates provided with counter electrodes or indirectly via 
another fihn, the fihn being constituted by molecules containing carbon chains or 
siloxane bond chains, a part of the carbon chain or the siloxane bond chain 
containing at least one functional group for controlling a surfece energy of the fihn, 
Hquid crystal being interposed between the comiter electrodes on the two 
substrates via the alignment film. 

60. The liqioid crystal display apparatus according to daim 59, wherein said fihn 
is formed on each of the surfeioes of the two substrates provided with the counter 
electrodes as the ahgnment film . 

61. The hquid crystal display apparatus according to daim 59 or 60, wherein the 
film on the surfece of the substrate comprises a plurahty of patterned sections, 
each havii^ a different alignment direction. 

62. The hquid crystal display apparatus according to daim.59, wherem the 
coimter electrodes are formed on a stirfece of one substrate. 

63. Ahquid crystal display apparatus, wherein a resin fihn transparent m a 
visible hght range and having energy beam sensitive groups and thermoreactive 
groups is formed du^ctly on electrodes or indirectly through an arbitrary thin fihn, 
and at least the energy beam sensitive groups are reacted and crosshnked, the 
thvts obtained hqmd crystal ahgnment film being formed on electrodes on at least 
one STibstrates of two substrates provided with counter electrodes, hquid crystal 
being interposed between the counter electrodes on the two substrates via the 
resin film. 

64. Amethod for producing a hquid crystal display apparatus comprising the 
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steps of applying and forming an energy beam sensitive resin film for generating 
functional groups containing active hydrogen by energy beams directly or 
indirectly via an arbitrary thin fihn on a first substrate including first electrode 
arrays arranged in a matrix beforehand, irradiating the surface of the resin film 
5 with energy beams ia an arbitrary pattern, contacting the substrate with the 
irradiated resin film with a chemisorption solution containing a silane-based 
surfeictant having linear carbon chains and Si, washing the substrate with a 
solvent incapable of dissolving the resin film so as to form one layer of a 
monomolecular film formed of the surfectant selectively in the irradiated portion, 
10 and aligning and fixing the linear carbon chains, attaching the first substrate 
including the first electrode arrays to a second substrate including second 
electrodes or electrode arrays so that the respective electrodes are opposed with a 
predetermined gap, and injecting predetermined hqmd crystal between the first 
substrate and the second substrate. 
15 65. A method for producing a hquid crystal display apparatus comprising the 
steps of contacting a first substrate including first electrode arrays arranged in a 
matrix beforehand with a chemisorption solution directly or after forming an 
arbitrary thin film so as to cause a chemical reaction between the surfoctant 
molecules in the adsorption solution and the surface of the substrate, thereby 
20 bonding and fixing the siirfeictant molecules to the surfeice of the substrate at one 
end, washing the substrate with an organic solvent, tilting the substrate in a 
desired direction so as to drain oft the solvent, thereby ahgning the fixed molecules 
in the direction in which the solvent is drained of^ exposing the substrate to hght 
polarized in a desired direction through a polarizing plate so as to align the 
25 orientations of the surfectant molecules imiformly in a specific direction at a 

desked tilt, attaching the first substrate including the first electrode arrays to a 
second substrate or a second substrate including second electrodes or electrode 
arrays so that the feces provided with the electrodes are facing inward with a 
predetermined gap, and injecting predetermined liquid crystal between the first 
30 substrate and the second substrate. 

66. The method for producing a hquid crystal display apparatus according to 
claim 65, wherein in the step of e3q)osing the substrate to hght polarized in a 
desired direction throxigh a polarizing plate so as to align the orientations of the 
bonded surfeictant molecules vmiformly in a specific direction at a desired tilt, the 
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step of exposure with a patterned mask disposed on the polarizing plate is 
performed several times so as to form a plurality of patterned sections each having 
a different alignment direction on one fece of the alignment film. 
67. A method for producing a hquid crystal display apparatus comprising the 
steps of contacting a first substrate including first electrode arrays arranged in a 
matrix beforehand with a chemisorption solution directly or after forming an 
arbitrary thin filn>, the chemisorption solution beii^ produced by using a silane- 
based surfoctant containing carbon chains or sUoxane bond chains, at least a part 
of the carbon chain or the siloxane bond chain containing at least one functional 
group for controlling a surfe.ce enei^ of a formed film, so as to cause a chemical 
reaction between the surfectant molecules in the adsorption solution and the 
surfeoe of the substrate, thereby bonding and fixing the surfectant molecules to 
the surfece of the substrate at one end, washing the substrate with an organic 
solvent, tilting the substrate in a desired direction so as to drain off the solvent, 
thereby aligning the fixed molecules in the direction in which the solvent is 
drained o£^ attaching the first substrate including the first electrode arrays to a 
second substrate or a second substrate including second electrodes or electrode 
arrays so that the feces provided with the electrodes are fedng inward with a 
predetermined gap, and injecting predetermined liquid crystal between the first 
substrate and the second substrate. 

68. The method for producing a Hquid crystal display apparatus according to 
daim 67, further comprising the step of exposing the substrate to light polarized in 
a desired direction through a polari2dng plate so as to align the orientations of the 
sxirfectant molecules imiformly in a specific direction at a desired tilt after the step 
of aligning the fixed molecules. 

69. The method for producing a hquid crystal display apparatus according to 
nlflirn 68, wherein in the step of exposing the substrate to light polarized in a 
desired direction through a polarizing plate so as to align the orientations of the 
bonded surfectant moleciJes xmiformly in a specific direction at a desired tilt, the 
step of exposing with a patterned mask disposed on the polarizing plate is 
performed several times, thereby forming a plurahty of patterned sections each 
having a different alignment direction on one fece of the alignment film. 

70. A method for producing a hquid crystal display apparatus comprising the 
steps of applying and forming a resin film transparent in a visible light range and 
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having energy beam sensitive groups and thermoreactive groups directly or 
indirectly via an arbitrary thin film on a first substrate including first electrode 
arrays arrai^d in a matrix, at least irradiating the resin film with energy beams 
throi;^ an arbitrary mask so as to react and crosslink the energy beam sensitive 
groups, attaching the first substrate including the first electrode arrays to a second 
substrate including second electrodes or electrode arrays opposed to the first 
electrode arrays so that the respective feces provided with the electrodes are 
qpposed to each other, and injectii^ predetermined Hquid crystal between the first 
substrate and the second substrate. 
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